Since the Middle Ages, citrus essential oils (EOs) have been widely used for their bactericidal, virucidal, fungicidal, antiparasitical, insecticidal, medicinal and cosmetic proprieties. Also nowadays, they find important applications in pharmaceutical, sanitary, cosmetic, agricultural and food industries. The best method to extract EOs from citrus plant tissue is steam distillation because of a variety of extracted volatile molecules such as terpenes and terpenoids, phenol-derived aromatic components and aliphatic components. In vitro physicochemical assays classify most of them as antioxidants.
EOs from plants. Supercritical CO 2 extraction is a technique by which EOs are extracted at lower temperature to avoid potential damage to desired compounds at high temperatures. Such a technique has been demonstrated to be an effective method to extract EOs from citrus fruit peels [4] [5] [6] [7] . The method used to extract EOs greatly affects their chemical profile (number and stereo chemistry of extracted molecules). Hence the choice of extraction method depends also on the purpose of the use. Besides extraction procedure, EOs can vary in quality, quantity and composition according to climate, soil type, plant organ, age and vegetative cycle stage of plant [8, 9] . So, in order to obtain EOs with a constant composition, all those factors of variability have to be taken into account.
In nature, EOs play an important role in the protection of the plants as antibacterials, antivirals, antifungals, insecticides and also against herbivores by reducing their appetite for such plants. They may also attract some insects to favour the dispersion of pollens and seeds, or repel undesirable others. Due to their bactericidal and fungicidal properties, they are also used as alternatives to synthetic chemical products to protect the ecological equilibrium without showing the same secondary effects [10] . Known for their antiseptic and medicinal properties and for their fragrance, they are used in embalmment, preservation of foods and as antimicrobial, analgesic, sedative, anti-inflammatory, spasmolytic and locally anaesthetic remedies. In those cases, extraction by steam distillation is preferred. On the contrast, for perfume uses, extraction with lipophilic solvents or with supercritical carbon dioxide is favoured. Most of the commercialized EOs are chemotyped by gas chromatography and mass spectrometry analysis. Analytical monographs have been published (European pharmacopoeia, ISO, WHO, Council of Europe; [11] ) to ensure good quality of treated EOs.
Nowadays, thanks to the research activity on the characteristics of EOs, more is known about some of their action mechanisms, particularly at the antimicrobial level. The antimicrobial properties of EOs have been recognised for centuries and, with growing demand from changes in legislation, consumer trends and increasing isolation of antibiotic resistant pathogens, alternatives to chemical based bactericides need to be found. Low molecular weight compounds of EOs allow them to easily penetrate through cell walls and affect various biochemical processes [3] . The biological activity of EOs depends on their composition. The major components of EOs with antibacterial properties are geranyl acetate, eugenyl acetate, menthol, carvacrol, thymol, geraniol, eugenol, p-cymene, limonene, -terpinene, carvone. The phenolic components are chiefly responsible for the antibacterial properties of EOs [12] . An important characteristic of EOs seems to be their composition stability, although little is known about changes in composition during the storage.
EOs are also used for massages as mixtures with vegetal oil or in baths. In addition, EOs have a strong psycho-emotional effect thanks to they are used for aromatherapy. Some EOs appear to exhibit particular medicinal properties that have been claimed to cure organ dysfunction or systemic disorder [13] [14] [15] .
Due to the new attraction for natural products like EOs, despite their wide use and being familiar to us as fragrances, it is important to develop a better understanding of their mode of biological action for new applications in human health, agriculture and environment.
Citrus species (Rutaceae), native of the tropical regions of South-east Asia and China, nowadays represent the largest fruit production worldwide, with over 123 million of tons produced during 2010 [16] . More than 100 countries, between approximately 40° N and 40° S around the world, cultivate citrus plants. The most important producing countries are China, Brazil, United States and regions of the Mediterranean Basin.
The most commercially important citrus species are sweet oranges (Citrus sinensis L. Osbeck) and tangerines (Citrus unshiu Marc., Citrus nobilis Lour., Citrus deliciosa Ten., Citrus reticulata Blanco and their hybrids) (more than 80%), followed by lemons (Citrus limon L. Burm. f.), limes (Citrus aurantifolia Christm. Swing.) and grapefruits (Citrus paradisi Macf.). The genus Citrus is related to other genera of the family Rutaceae, such as Fortunella, Poncirus, Microcitrus, Clymenia, and Eremocitrus.
Citrus have a strong commercial value. They are produced mainly for the fresh consumption, but they are also addressed to the food industry for the production of fruit juice. Moreover, the byproducts generated following their industrial process are source of important bioactive compounds with potential for animal feed, manufactured foods and health care [17] . Among the citrus byproducts, EOs have been produced for more than a thousand years. The main producing countries are Italy (particularly Sicily), USA (Florida) and South America (Brazil, Argentina). The fruit of citrus is a hesperidium, a type of berry with a pericarp (divided in exocarp or flavedo, mesocarp or albedo and endocarp) and segment, filled with juice sacs (vesicles), actually specialized hair cells [18] (Fig. 1) .
Approximately 50% of the citrus fruit weight consists of pulp, seeds and peel, which can be processed into value-added byproducts such as molasses, pectins, fiber, seed oils, fermentation products and EOs [19] .
In all citrus species of the Rutaceae family, essence of oil secretory cavities (glands) have been reported.
Oil glands are spherical structures just under the epidermis in primary tissues of the shoot (i.e. leaf, thorns, prophyllis, sepals, etc.) [18] and, particularly, in flavedo. The latter is the pigmented region of the pericarp, contains numerous oil glands (Fig. 2) consisting of secretory cavities that are lined by several layers of specialized epithelial cells. Recently, Yamasaki and Akimitsu [20] have hypothesized that the epithelial cells are responsible for the biosynthesis of EOs.
A research carried out by Germanà et al. [21] on the distribution of oil glands in the lemon fruits of 44 different clones, showed as the stilar part of the fruit is characterized by the highest density of oil glands. Another study [22] on three cultivars (Femminello, Castagnaro and Fantastico) bergamot (Citrus bergamia Risso) confirmed the influence of the genotype also at cultivar level on the density of the oil glands. The results showed as Femminello and Fantastico cultivars presented the highest number of glands per unit area in the peel, as well as in the leaves. Nevertheless, no relationship was observed between oil glands density and oil yield. Besides in leaves and in fruit peel, oil glands are present also in flowers (sepals, petals and ovary wall; Fig. 3 ). Oil glands in sepals, petals and ovary wall appeared at different time intervals, but showed the same histological aspect. In fruits, oil gland appearance was restricted to the immature stage. No new gland was formed during the fruit maturation process and the preformed ones continued to enlarge. The developmental pattern of secretory glands of the flower and fruit peel is separated into four stages, based on cell features and the degree of gland differentiation. Oil glands in Citrus are of schizolysigenous type [23] .
The present chapter deals with the actual and potential applications of citrus EOs in the different fields of human life and activity. 
THE CITRUS ESSENTIAL OILS
The citrus EOs are present and can to be extracted from peels, flowers and from young citrus shoot, buds and leaves.
Peel Oil
The quality and quantity of citrus peel EOs depend on many factors, such as the nature of the fruit itself, provenance, genotype, soil type and climate but also on the extraction process [24] . The oil content of citrus peels range between 0.5 and 5.0 % (w/v).
EOs extracted from citrus peel are very complex matrices containing numerous compounds of different chemical classes. These compounds are generally divided in two fractions: the volatile fraction, which is the most representative and ranges between 85 and 99% in the different cold-pressed citrus oils, and the non-volatile residue, containing fatty acids, sterols, carotenoids, waxes, coumarins, and polymethoxylated flavonoids (2-6% of the oil), which ranges between 1 and 15% [24] . The volatile constituents are a mixture of monoterpene (limonene) and sesquiterpene hydrocarbons and their oxygenated derivatives including aldehydes (citral), ketones, acids, alcohols (linalool) and esters [25] [26] [27] .
The development of new instrumental analytical techniques, mainly chromatographic, has allowed a more precise characterization of EOs citrus. Gas chromatography is an essential tool for the study of the volatile fraction, while liquid chromatography (thinlayer or high-performance liquid chromatography combined with spectral absorption and fluorescence measurements) is widely used for the study of the composition of the non-volatile residue. This fraction consists largely of oxygen heterocyclic compounds (coumarins, furanocoumarins and polymethoxylated exhibit strong absorption in the ultraviolet region (max 315 nm)). The presence of coumarin compounds is widespread in plants of the Rutaceae family. Their presence is qualitatively and quantitatively different in the various citrus oils, so it could be of particular interest the knowledge of the oxygen heterocyclic fraction to assess authenticity, geographical origin and possible adulteration of EOs [24] . The major chemical component of citrus oils is limonene. The limonene content ranges from 32 to 98%. In particularly, the limonene content ranges from 68 to 98% in sweet orange, from 45 to 76% in lemon and from 32 to 45% in bergamot [28] . About linalool, an oxygenated component, its concentration results 0.018, 0.015 and 10.231% in sweet orange, lemon and bergamot, respectively [29] .
The influence of the harvesting period (seven different times: 4 winter lemons, 2 bianchetti, 1 verdelli) on the yield of EOs from the peel of four lemon (C. limon (L.) Burm. f.) cultivars (two Femminello, Monachello and Eureka) has been investigated [30] . Regarding the yield in EOs, verdelli registered the highest values, with decreasing yield from November to February in the 4 winter samples considered, increasing yield in bianchetti. Referring to the genotypes, the 2 Femminello showed the greatest yield in EOs, followed by Monachello and Eureka, with similar values. The greatest limonene content was registered in the first winter samples and, regarding the genotype, in the cultivar Monachello, while the Femminello 7 was characterized by the highest citral (mixture of geranial and neral) content and the lowest limonene content.
Neroli Oil
Neroli oil is obtained from flowers of bitter orange (Citrus aurantium L.), although this term is also referred to oils extracted from other citrus flowers. The term 'Neroli' is due to the princess Anna Maria de la Tremoille de Noirmutier, wife of Flavio Orsini prince of Nerola, who liked the orange flower water.
The yield and sensory characters of Neroli oils are related to numerous factors, such as the raw material conditions at harvest time, the type of transport and storage conditions and the extraction procedure. The main component extracted from the EOs of orange blossom is linalool with a concentration of 40% (w/v) [31] . The aldehydes were found in lemon, orange and bergamot essential flower oils, for the most part in the form of neral and geranial stereoisomers [32] .
There are numerous varieties of bitter orange. A study of Crescimanno et al. [33] , carried out on Neroli oils extracted from 15 different C. aurantium clones by distillation, showed that EOs yield ranged from 0.74 to 1.02 mL kg -1 of flowers with values similar to those reported by Pennisi [34] for bitter orange flowers and lower than those reported by Melendreras et al. [35] for lemon flowers. Quantitative rather than qualitative differences were present among the genotypes. Particularly, all clones were characterized by the same number of components, both hydrocarbons and oxygenated compounds (except the A.A. clone C.N.R. 8 where -pinene was not found). Terpenes, sesquirepenes, alcohols and acetates were found in Neroli oils. The terpene compounds more represented were limonene (from 0.72% to 15.32% of the total identified components) and -pinene (about 5%). These values resulted much lower than those found by Melendreras et al. [35] in Neroli oils of lemon. Among oxygenated compounds, linalool made up 63% of the identified compounds (about 80% of the total ones), followed by the citral (neral and geranial) (about 7.97%). Differences among the genotypes regarding the levels of oxygenate compounds and hydrocarbons were registered. Linalool naturally occurs in the fragrance of flowering plants, particularly in many citrus genotypes [36] . Linalool is an acyclic monoterpene alcohol (3,7-dimethyl-1,6-octadien-3-ol) with a sweet, pleasant fragrance widely occurring among diverse monocot and dicot families and is one of the most frequently encountered floral scent compounds. Linalool is prized by the flavour and fragrance industry as a component of bergamot and lavender EOs and numerous commercial perfumes.
An investigation has been carried out on the EOs extracted from the flowers and from the different parts (petals, pistils, stamens) of the main bergamot cultivars: Femminello, Castagnaro and Fantastico, showing the highest (4.14%) yield in the Fantastico cultivar (in the entire flower as well as in the single parts), followed by Castagnaro and Femminello [37] . Moreover, the bergamot flowers showed a greatest EOs yield than the flowers of other genotypes (mandarin 2.59%, grapefruit 2.22%, 1.79% lemon, 1.77% sweet orange, 1.04% sour orange) [38] . Regarding the parts of the flower, pistils in all the cultivars showed the highest EOs yield (4.24-6.84%), followed by petals and stamens and differently from what previously observed by Germanà et al. [39] in C. aurantium, where petals presented a yield higher or at least equal to pistils.
Petitgrain
The term 'petitgrain' was first used to indicate the green small fruits of bitter orange, and used to name the oil obtained from them. Later this term indicated the EOs obtained by distillation from the young citrus shoot, buds and leaves.
Bitter orange petitgrain oil showed a high content of oxygenated compounds which varied from 91% to 96%. Linalyl acetate, which represented more than 50% of the whole oil, and linalool, which ranged from 22% to 33%, are the main components. Limonene, (E)--ocimene, myrcene and -pinene are the highest monoterpene hydrocarbons. Also twelve sesquiterpene hydrocarbons have been identified, among which -Caryophyllene is the most representative. Among the oxygenated compounds identified, aldehydes have been found in highest proportions. 1,8-Cineole, which is either absent or present only as trace in the other citrus petitgrains, represented 1.1-2.1% of lemon petitgrain oil. The latter is more similar to lemon peel oil, than the other citrus petitgrain oils to the correspondent peel oils.
A study [40] has been carried out on annual variation of EOs in the leaves (collected on November, February, June and September) of four lemon (C. limon (L.) Burm.f.) cultivars, showing that for the two cultivars of Femminello and for the cultivar Monachello, the highest oil yields was registered in leaves sampled in February, followed by those sampled in November, June and September. Instead, the cultivar Eureka produced the highest essential oil percentage in leaves sampled in November, followed by those ones collected February, June and September. Moreover, quantitative differences were registered depending on the harvesting periods. Particularly the greatest citral content was registered in the winter samples, followed by the spring ones. Differences regarding the citral content were observed among the cultivars and Eureka showed the highest content (5.61%).
APPLICATIONS OF CITRUS ESSENTIAL OILS

Food
EOs are used for flavouring in food and are accepted by the Food and Drug Administrations as additives in certain type of foods. Citrus oils are used for food and beverages and they are Generally Recognized as Safe (GRAS), being a good starting point for the use of EOs as antimicrobials within the food industry.
Recently, a study was carried out to evaluate the inhibitory potential of EOs extracted from the fruit peel of several citrus varieties cultivated in Sicily against the most common foodborne pathogen bacteria [41] . Particularly, the antagonistic activity of the EOs extracted by hydrodistillation from the fruit peel of different cultivars of pomelo, grapefruit, orange, kumquat, mandarin and lemon, was evaluated against 43 strains of Listeria monocytogenes, 35 strains of Staphylococcus aureus and 14 strains of Salmonella enterica). Moreover, five commercial EOs were used for comparison. Most of the EOs were more effective against the Gram-positive bacteria rather than Salmonella. EOs of lemon genotypes 14 and 15 showed the best results in terms of number of strains inhibited and width of the inhibition zone. The most susceptible strain of each species (L. monocytogenes 133, S. aureus 473 and Salmonella Newport 50404) was used as indicator for the evaluation of the minimum inhibition concentration (MIC) of the EOs 14 and 15. The last two EOs, EO 16 (showing the weakest inhibition power among lemon EOs), and the commercial EO L (lemon) were analysed for their chemical composition. A total of 30 major compounds were identified by gas chromatography/mass spectrometry (GC/MS) and the oxygenated monoterpenes were suggested to be implicated in the process of bacterial inhibition by citrus EOs.
The antimicrobial properties, due to the phenolic compounds recognized as bioactive components with antimicrobial activity [42] , combined with the aromas and flavours of EOs, led to research into their uses as potential food preservatives. The ability of citrus oils to delay spoilage and add organoleptic qualities in food products may be interesting from a commercial point of view [43, 44] . However, because of the interactions (synergisms and antagonism) between EOs and food ingredients or additives, studies aimed to maximise the antibacterial activity of EOs and to minimise the concentrations required to achieve a particular antibacterial effect are needed. In addition, the stability of EOs during food processing should be also investigated [45] .
The use of citrus oils as antimicrobials in food might affect organoleptic properties of the foodstuff, so that finding an oil/component/vapour that has the greatest effect at the lowest concentration is essential. Citral is thought to be a potent characterimpact compound and a key component in lemon oil, although linalool is the overall aroma compound in orange [46] .
Oxygenated compounds have better organoleptic properties, it may be beneficial to remove the terpene content [47] .
Moreover, EOs could be used as an alternative to spices and herbs as they have many of the same principal flavourings, but without the potential to be carriers of bacterial and fungal spores and, in their case, there probably would be no loss of organoleptic properties.
Dias et al. [48] also used EOs for developing a low-density polyethylene flavouring films imbued with and/or lemon aroma. They showed that the films had a lower elongation due to the incorporation of active agents, combined whit a reduction of tensile strength over time. In addition, the combined use of EOs and aroma did not affect the water vapour permeability value, but regarding colour, flavouring films had a more yellow colour and were opaque. However, application of EOs in food packaging industry of biscuits was greatly appreciated by consumers.
Besides being used as a fragrance, citrus EOs have been reported to possess antibacterial activities against Escherichia coli (E. coli O157:H7) Salmonella typhimurium, L. monocytogenes and Vibrio vulnificus and to S. typhimurium on fish cubes [49] .
According to the Food and Drug Administration of United
States and Europe to prevent the occurrence of foodborne illnesses, it is necessary to avoid cross-contamination which mostly occurs on the surfaces of kitchen utensils. In fact, pathogenic bacteria can be transferred between raw materials, cloth, hands, and food contact surfaces to create cross-contamination. Washing with detergent at elevated temperatures is usually the most common practice to eliminate bacteria on the food contact surfaces. Unfortunately, it was reported that S. typhimurium, S. enteritidis, C. jejuni and E. coli can survive after regular washing processes [50] . Moreover, bacteria can survive on the surfaces of cutting boards and stainless steel after washing with detergent. In addition, most commercial detergents and sanitizers are artificially synthetic compounds with a negative impact on the environment and not more accepted by modern and careful to ecosystem consumers [51, 52] . Effective and natural sanitizer compounds, such as Citrus EOs, easily produced from agricultural waste, could be eco-friendly substitute to preserve the food contact form cross-contamination. In fact, EOs of lemon, orange, and bergamot were also demonstrated to possess bactericidal effect against Campylobacter jejuni, E. coli O157:H7, L. monocytogenes, Bacillus cereus, S. aureus and Acrobacter butzlei [53] in media and on foods. In addition, antifungal activities against Penicillium digitatum, Penicillium italicum [54] have been reported.
A study carried out by Lin et al. [55] have demonstrated the antibacterial efficacy of EOs extracted from peels of sweet orange fruits against Vibrio parahaemolyticus, S. typhimurium, E. coli, and S. aureus inoculated on the surfaces of samples of stainless steel and plastic cutting board pieces.
However, the addition of citrus EOs to foods could affect its organoleptic characteristics [53] , by altering the natural taste and/or odour. For this reasons, it is necessary to find the lower effective concentration with less effect on sensory attributes or to test if the vapour-phase generated by the EOs can be effective against foodborne pathogens and spoilage microroganisms at lower concentrations than when applied in liquid phase [56] . Caccioni et al. [54] reported the capacity of volatile compounds of orange and lemon peel to inhibit Penicillium spp.. Recently, Velàzquez-Nuñez et al. [42] investigated the antifungal efficacy of EOs extracted from peel of sweet orange (cv. Valencia) by vapour distillation, either by vapour exposure or direct addition on the growth of Aspergillus flavus. The results showed that the effect of direct addition of EOs was faster, although EOs vapours were more effective since lower concentrations were required to achieve the same antifungal effect.
Medicine
Current chemical, medical and pharmacological literature suggest that EOs can be successfully used in many aspect of health care. Several studies indicated that EOs have antitumor effects and that monoterpenes possess a chemopreventive action against rodent mammary, skin, liver, lung and forestomach cancers [57] .
Particularly, citrus EOs seems to contain different terpens with antitumor effects. Additionally, among substances found in nature, terpenes constitute the main chemical class compound with antiulcerogenic activity [58] .
Among the citrus species, C. aurantium L. is one of the most frequently used for medicinal purposes. Fruit peel, flowers and leaves are often utilized by the population for medicinal purposes. Bitter orange is widely used to treat rheumatism and tachycardia for its diuretic action [59] , and also gastritis and gastric disorders [60] . The latter authors investigated the effects of EOs and of its majority constituent limonene extracted from C. aurantium on the gastric mucosa of animals challenged with different ulcerogenic agents that commonly attack the gastric mucosa in human. They concluded that EOs and limonene exert antiulcerogenic and gastroprotective actions. Those effects are directly related to an increase in the gastric production of mucus rooted in the modulating action that these compounds exert on prostaglandin E2 levels. Hence, those results suggest that EOs and limonene extracted from C. aurantium constitute an interesting adjuvant to non-steroidal anti-inflammatory drugs in the treatment of chronic inflammatory illnesses, with the prospect of annulling the aggressive gastric effect of these drugs on gastric mucosa without promoting alterations in physiological functions of the stomach [60] .
Further tests carried out on animals have proven the effectiveness of limonene against some types of cancer including gastric, mammary, pulmonary adenoma and liver. Limonene has been also shown to be effective in relieving gastroesophageal reflux disorder and occasional heartburn but the action mechanism has not been elucidated [61] .
For instance, a study have determined the cytotoxic effect of C. aurantium EOs peels against colorectal cancer, cell line (Lim1863), suggesting a potential antitumor effect treatments of colorectal cancer and other cancers [62] .
The EOs extracted from citrus lemon (lemon essential oil) was found to induce various behavioural responses in both humans and animals. In humans it was found to have antidepressant effects [63] and, in addition, able to improve creativity, mood and perceived health [64] [65] , although the mechanism is not known. In rats, lemon essential oil was found to decrease the stress-induced behavioural acting on the sleep disorder [66] .
Recently, bergamot oil was shown to be a potent antifungal agent. Sanguinetti [67] , investigating the activities of bergamot natural essence on dermatophytes such as Trichophyton, Microsporum and Epidermophyton species, has demonstrated its efficacy and suggested its potential use for topical treatment of dermatophytoses.
Also Neroli oil can be engaged effectively for managing bacterial and fungal infections, especially digestive and respiratory [24] .
Cosmetics and Perfumes
Mixtures of volatiles and EOs isolated from plants represent the 'essence' or odoriferous constituents of the plants. They have been used since early days because of pharmaceutical properties and also as flavouring agents in the manufacture of perfumes and cosmetics.
Maruzzella and co-workers [68] [69] [70] [71] [72] [73] extensively studied the potential of EOs as antimicrobial agents in perfumes and cosmetics or against wood pathogens.
Cold-pressed citrus oils are known to produce phototoxic reactions as they contain photoactive furocoumarins (psoralens), a family of natural plant constituents with a coumarin basic structure attached to a furan ring [74] . They include the well-known and most potent phototoxicant bergapten [75] and other derivatives as bergamottin, citropten, herniarin or oxypeucedanin [76] . In 2001, the Scientific Committee on Cosmetic Products laid down a restriction on furocoumarin-like substances, which may be used in cosmetic products, providing that the total concentration of these substances in the finished product does not exceed one part per million [77, 78] .
The citrus oils can be also practically used as tyrosinase inhibitors. In the human brain, tyrosinase plays an important role in neuromelanin formation, which could be central to dopamine eurotoxicity as well as contribute to the neurodegeneration associated with Parkinson's disease [79] . Ultraviolet light and environmental toxins cause reactive oxygen species such as various radicals. These radicals play important roles in the activation of tyrosinase in human skin. It has been reported that some citrus EOs exhibited radicals scavenging activity [80] . For example, Eureka lemon essential oil with a strong tyrosinase inhibitory activity has DPPH radical scavenging activity. It was reported that the radical scavenging components in Eureka lemon oil were geraniol, terpinolene, andterpinene. These components were different from the tyrosinase inhibitory components, citral and myrcene. Thus, it is suggested that citrus EOs, consisting of hundreds of kinds of compounds, could inhibit melanogenesis by various actions and activities. Citral and myrcene have characteristic aromas in citrus oils. Thus, it is expected that citrus EOs could be used as skin-whitening materials with citrus like aromas in confectioneries, soap, perfumery, and cosmetology [81] .
Detergent
Citrus EOs are processed into various formulations for industrial cleaning applications and as sustainable alternatives to traditional solvents [82] .
Aromatherapy
It is well known that there is an effect on the brain of the aromas of EOs, administered via inhalation, resulting in behavioural changes in animals and humans [83] . Aromatherapy, a branch of herbology, is the therapeutic use of fragrances or at least mere volatiles to cure, mitigate or prevent diseases, infections and indispositions by means of inhalation [84, 85] .
At the moment, it is one of the fastest growing therapies worldwide. It is reported that aromatherapy gives a feeling uplifted, stimulated, invigorated, or rejuvenated, depending on the oil used. When inhaled, the various aromas penetrate the bloodstream via the lungs causing physiologic changes. In turn, the limbic system, which controls our emotions and memories, is affected [86] . This ancient therapy has been validated as medicinal by several studies.
For instance, the traditional use as anxiolytic of C.aurantium L. EOs was demonstrated in mice [87, 88] . Moreover, the sweet orange aroma have been reported to be anxiolytic-like for Wistar rats [89] . (+)-limonene can be used as an antianxiety agent in aromatherapy as demonstrated by an additional study carried out by Lima et al. [90] , showing that (+)-limonene administered by inhalation exerted anxiolytic-like effects in the elevated plus maze test, with a pharmacological potency stronger than essential oil of C. aurantium and that this effect was not related to benzodiazepine receptors.
Also Neroli oil, when used in clinical aromatherapy in a nebuliser or one of the other administration techniques designed for internal absorption, is essentially a relaxant remedy. The oil targets mainly the nervous system and thereby the cardiovascular and digestive systems, reducing hyper functioning in these systems. Applications include general nervous hyper functioning involving stress-related conditions in general, as seen in conditions of anxiety, restless behaviour, fear, etc.; and smooth muscle spasms, including the heart muscle itself, such as tachycardia, vascular and cardiac spasms, colic, IBS, stress-caused diarrhea and such like. Neroli's relaxant effect is balanced by a restorative effect on the brain and a stimulant action on the organs of upper digestion. This is why the oil should be considered for blends addressing such conditions as chronic fatigue and chronic depression on one hand, and forms of indigestion arising from biliary/gastric/pancreatic deficiency on the other [24] .
Pathogen Inhibition
Citrus EOs not only are used in food industry but also are generally recognised as safe and have been found to be inhibitory both in direct oil and vapour form against a range of both Gram-positive and Gram-negative bacteria. This group of oils may provide the natural antimicrobials that the food industry requires to fulfil both its requirements and those of the consumer [53] . The composition of the blend of components in specific ratios determines the flavour and also the possible antimicrobial effects of citrus oils (unique to each species or hybrid).
Findings showed a positive correlation between monoterpenes other limonene and sesquiterpene content of the oils and the pathogen fungi inhibition.
A research carried out by Vasudeva and Sharma [91] showed the antifungal activity against ten food borne fungal strains and ten bacterial strains of EOs isolated by hydro-distillation from the peel of fully matured ripen fruits of Citrus limettioides Tan. The authors concluded that EOs of C. limettioides can be used in skincare formulations for acne control, in treatment of various infectious diseases like typhoid fever, food poisoning, inflammation, sepsis, endocarditis, bladder, prostate and epididymal infections.
Gram-positive organisms are generally more sensitive to EOs than Gram-negative organisms. Undesirable organoleptic effects can be limited by careful selection of EOs according to the type of food. Synergism and antagonism between components of EOs and food constituents require more study before these substances can reliably be used in commercial applications.
Insect Control
A study was carried out to evaluate the toxicity of pinenes (enantiomers of alpha-and beta-) and EOs from fruit peel of orange (C. sinensis L.), lemon (C. limon L.), and bitter orange (C. aurantium L.), containing high proportion of limonene and lower quantities of p-menthane molecules and pinenes, against the mosquito larvae of Culex pipiens (Diptera: Culicidae). EOs were isolated by hydrodistillation [92] . A strong toxicity was exhibited by the citrus EOs against larvae with the LC(50) values ranging from 30.1 (lemon) to 51.5 mg/L (orange) depending on the genotype and on the oil composition.
Furthermore, a research carried out by Kumar et al. [93] indicated, using contact toxicity and fumigation bioassays, the insecticidal the insecticidal activity of the EOs of sweet orange C. sinensis (L.) Osbeck against the larvae and pupae of housefly. In fact, significant mortality of housefly larvae and inhibition of pupae was observed in different bioassays, although fumigation showed comparatively better activity than contact, probably in relation to the significant increase in D-limonene content in vapour phase of the oil.
The licicidal and niticidal activities of some Moroccan EOs and their main components or plant oil chemotypes on Pediculus humanus capitis (head lice), were investigated through two methods: microatmosphere and direct application [86] . It was found that some oils tested were most active on lice using the micro atmosphere technique. Particularly, oils extracted from C. limon and C. sinensis (Rutaceae), Pinus pinea (Pinaceae), Myrtus communis (Myrtaceae), Cinnamomum zeylanicum (Lauraceae), Pelargonium setaceum and Chrysanthemum viscidehirtum (Compositae) acted more potently using the micro atmosphere technique (0% of nits hatched) than in direct application (10-30% of nits hatched).
Oil obtained from leaves of C. aurantium var. amara Link (Rutaceae) has been tested regarding the molluscicidal activity [86] achieving a good action against Bulinus truncatus snails at tested concentrations. Whereas, oil of the fruit of the same plant exhibited potent molluscicidal activity at lower concentration (LC50 = 1.36-1.56 ppm).
Taxonomical Contribution of EOs
Together with analysis of DNA molecular markers and with morphological characteristics, chemical variability of secondary compounds and particularly of EOs can contribute to clarify the plant taxonomy in several taxa [94, 95] .
Recently in Citrus, a study has been carried out to differentiate taxa at intraspecific level using rind oils of nine cultivars of mandarin originated by recent mutation (Loretina, Marisol, Arrufatina, Clemenules, Clemenpons, Hernandina, Oronules, Satsuma Okitsu, Satsuma, Owari) belonging to the C.reticulata Blanco species and 2 hybrids Fortune (C. tangerine Hort. ex Tan. x C. clementina Hort. ex Tan.) and Nova (Tangelo Orlando x C. clementina Hort. ex Tan.), obtained from ripe fruits of trees growing in the same environmental and cultivated conditions [98] . The Authors showed the usefulness of phytochemical compounds to discriminate the genotypes.
In fact, the levels of -thujene, -pinene and sabinene compounds could be used to differentiate among cultivars and particularly, the first discriminant function separates the -thujene chemocultivar, corresponding to oriental mandarin cultivars (Satsuma Okitsu, Satsuma Owari), from the Mediterranean cultivars. Inside this last group, the second discriminant function split up the sabinene chemocultivar (Marisol, Arrufatina Clemenpons and Loretina) from the hybrids group (Fortuna and Nova) and others (Clemenules and Hernandina). The differential compounds of these groups are: -thujene -pinene, sabinene, myrcene, limonene, linalool, -terpineol and germacrene-D. The former group separated a group of recent cultivars with greater concentration of sabinene (Marisol, Arrufatina, Clemenpons and Loretina) from the remainder.
CONCLUSION
The great importance of Citrus EOs existing in their peel, leaves and flowers, derives from many factors. Because of Citrus are the largest fruit crop in the world, there is a large availability of these oils also as by-product in the wastes of citrus processing. Secondly, the important characteristics and proprieties of Citrus EOs, such as their bactericidal, virucidal, fungicidal, and medicinal properties associated with their fragrance, make them potentially an ideal alternative to the chemical-based antimicrobials for food, agriculture, pharmaceutical and sanitary applications, as well as a precious component of cosmetics and perfumes.
The 'green consumerism', stimulating the use and development of products derived from plants, will take advantages from the use of these kinds of substances. However, many aspects have to be improved regarding their employment, such as a standardisation of the composition for commercial citrus EOs, as well as, deeper studies aimed to better know the active compounds and to clarify the mechanism of their action.
